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What is Bulletin 70?

• Report by Huff and Angel (1989) containing the 

expected rainfall amounts for selected storm 

durations and return periods (for example, the 

24-hour, 100-year storm for a site in Illinois).

• Many state and local agencies in Illinois required 

the use of Bulletin 70 for design work after its 

publication in 1989.

• The original Bulletin 70 needed to be updated 

due to the observed increases in frequency and 

amounts of heavy rainfall events.



In 2019 ISWS published updated 

Bulletin 70 in two reports

Angel, J. and M. Markus. 2019. Frequency Distributions of Heavy Precipitation in Illinois: Updated Bulletin 70. 
Illinois State Water Survey Contract Report 2019-05, Champaign, IL. 

Markus M., J. Angel, K. Wang, B. Kerschner, and S. Singh. 2019. Frequency Distributions of Heavy Precipitation in 
Illinois: Spatiotemporal Analyses. Illinois State Water Survey Contract Report 2019-10, Champaign, IL. 



“Updated Bulletin 70” = Bulletin 75
ISWS Bulletin 75 
 

 

 

 

 

Precipitation Frequency Study for Illinois  

 
 
 

Lead Authors: 
 

James R. Angel and Momcilo Markus 
 
 

Contributing Authors: 
 

Kexuan Ariel Wang, Brian M. Kerschner, and Shailendra Singh 
 
 
 
 

Illinois State Water Survey 

Prairie Research Institute 

University of Illinois 

 
 

 
Prepared for the 

Illinois Department of Commerce and Economic Opportunity 
 
 
 

March 2020



“Updated Bulletin 70”= Bulletin 75

(to be published in March 2020)



Historical evolution of rainfall 

frequency standards

• TP-40 (Hershfield, 1961)

• Bulletin 70 (Huff and Angel, 1989)/(Bulletin 71 (Huff and 

Angel, 1992)

• NOAA Atlas 14 (Bonnin et al. 2004)

• Bulletin 75
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Aurora

Annual Maximum Daily Rainfall
(none of the 10 largest values at Aurora were observed prior to 1950)
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Observed trends in number of storms > 

2 inches at Chicago O’Hare gage



Observed trends in frequency of 

heavy storms in Illinois



Change in the top 1% of extreme 

precipitation (the 99th percentile)

https://science2017.globalchange.gov/



Stationarity of heavy rainfall

• Traditional assumption: Future variability will be like past 

variability. This assumption is called “stationarity.” 

• In the light of climate change, assumption of stationarity may 

not be appropriate for precipitation frequency analysis.



Nonstationarity of heavy rainfall

2020



Our Solution to Observed 

Changes

• Use 1948-2017 data to better represent 

the current, wetter climate

• Three times as many stations are 

available from 1948 onward

• Included a Bulletin 70 style adjustment to 

account for the increasing trend in heavy 

rainfall events



.1  .2          .5                  1   2   3       5                   10  20  30  40  50  60  70  80  90  95  99  99.9
0

10

20

30

40
P

re
c
ip

it
a

ti
o

n
 (

c
m

)

Non-exceedence probability

 

 

Observed

GLO (Single Site)

WAK (Single Site)

GLO (6 Sites)

WAK (6 Sites)

GLO (12 Sites)

WAK (12 Sites)

24-Hour Precipitation Annual Maximum Frequency 

Analysis Results for Aurora, IL.

Markus, M., Angel, J.R., Yang, L. and Hejazi, M.I., 2007, Changing estimates of design precipitation in Northeastern 

Illinois: Comparison between different sources and sensitivity analysis, J. Hydrology, 347(1-2):211-222.

L-Moments Software



176 Daily Precipitation 

Stations 1948-2017



73 Hourly Precipitation 

Stations 1948-2017



Process

• Obtained and QC’d the data

• Selected stations based on availability and 

length of record

• Calculated the expected precipitation at 

selected return periods for 1 to 10 days 

using L-moments



Process

• Adjusted the results from the annual 

maximum series into a partial duration 

series using a standard approach 

(Langbein’s equation (1949))

• Converted the constrained to 

unconstrained using standard conversions



Process … 

• Averaged 

the station 

frequency 

values into 

a regional 

frequency 

analysis 

(RFA)



TP-40 (Hershfield, 1961)



NOAA Atlas 14 (Bonnin et al. 2004)



Courtesy of Kurt Woolford, LCSMC



Process

• Calculate frequencies for sub-daily 

durations using conversion factors due to 

limitations of hourly data 



Ratios

5-minute/1-hour 10-minute/1-hour 15-minute/1-hour 30-minute/1-hour

0.255 0.468 0.447* 0.574 0.787

2 months to 
2 years

3 months to 
2 years

4 months to 
2 years

6 months to 
2 years

9 months to 
2 years

1 year to 
2 years

0.470 0.538 0.590 0.672 0.762 0.830

Table 5.1. Ratios used to calculate sub-hourly frequency estimates based on the known hourly 
estimates, x-minute/1-hour

Table 5.2. Factors used to calculate frequency estimates for recurrence intervals less than 2 years 
based on the known estimates for 2 years recurrence interval. 

* Matt O’Connor, P.E., HLR Engineers 



Adjustment for Non-Stationarity

• Ratio of the 1983-2017 RFA divided by the 

1948-1982 RFA



Confidence Intervals



New format

Before…



After…



Bulletin 70 and Bulletin 75

100-Yr, 24-Hour Storm

OLD NEW



Bulletin 75 vs Bulletin 70

Differences in inches



Bulletin 75 vs NOAA Atlas 14

Differences in inches



Final thoughts on Bulletin 75

• Frequency estimates in Bulletin 75 represent the 
present time. 

• Climate studies indicate that the trends will 
continue in the future. As a result of the increasing 
rainfall, the structures designed based on Bulletin 
75 may not be adequate for future (e.g. 2050) 
rainfall magnitudes.

• Thus, similar studies using the projected climate 
modeling data need to be performed to determine 
future rainfall frequencies.



Questions/comments?



• Volume I of the NCA4 

• Precipitation will continue to increase 
(medium confidence)

• Heavy precipitation events will increase 
in frequency and amounts (high 
confidence)

https://science2017.globalchange.gov/



Nonstationarity of heavy rainfall

2020





Future change (%) 

Northeastern United States

RCP8.5


